Introduction
The human major histocompatibility complex (MHC), referred to as the HLA (human leukocyte antigen) complex, is a group of genes encoding glycoproteins that control cell-to-cell interactions and regulate immune responses. The classical HLA loci are highly polymorphic, with at least 67 HLA-A alleles, 149 HLA-B alleles, 39 HLA-C alleles, 179 HLA-DRB alleles, 18 HLA-DQA alleles, and 29 HLA-DQB alleles (Parham and Ohta 1996) . The most widely accepted explanations for the generation and maintenance of MHC variation are disease-based models. According to this paradigm, overdominance or frequency-dependent selection maintains the diversity of MHC molecules, which ensures that individuals and populations can respond to a wide repertoire of foreign antigens (Doherty and Zinkernagel 1975) . This hypothesis is supported by the distribution of nonsynonymous nucleotide substitutions in the antigen recognition site (ARS) of the HLA class II and class Ia (classical class I) loci (Hughes and Nei 1989; Hughes, Ohta, and Nei 1990; Nei and Hughes 1991) .
However, not all genes in the HLA complex are highly polymorphic. For example, the recently discovered nonclassical (class Ib) HLA loci have little variation compared with the class Ia loci. This reduced variation has been interpreted in two ways: the class Ib HLA genes (1) serve a more specialized function or (2) are nonfunctional genes evolving neutrally (Parham 1995) . To distinguish between these two hypotheses, we have been studying the nucleotide variation in the class Ib genes, HLA-E, HLA-F, and HLA-G (van der Ven and Ober 1994; Ober et al. 1996; Grimsley and Ober 1997) . However, because of the strong linkage disequilibrium that extends across the MHC and the strong selection acting on the classical HLA loci, it is not clear how much nucleotide variation would be expected in an MHC-linked gene that is evolving neutrally. For this reason, we conducted a population genetics study of HLA-H, an HLA class I pseudogene. HLA-H has been defined as a pseudogene on the basis of a single-base-pair deletion in exon 4 that causes a frameshift and a premature stop codon at the end of this exon (Chorney et al. 1990; Zemmour et al. 1990) . HLA-H is thought to have originated from a duplication of the common ancestor of HLA-H and HLA-A (Zemmour et al. 1990) or, possibly, from HLA-A itself (Chorney et al. 1990) , which is located within 200 kb of HLA-H (Shukla et al. 1991) .
In this report, we describe the nucleotide variation in HLA-H for a sample of healthy, unrelated AfricanAmericans. We test whether the amount of variation in this pseudogene is typical of other non-MHC-linked neutral sites within the human genome and whether the pattern of variation is consistent with the neutral model.
Materials and Methods

Sequence Data
Exon 2 of HLA-H (255 bp) was sequenced for a sample of 17 African-Americans (number of sequences compared [n] ϭ 34; GenBank accession numbers AF022159-AF022167) who participated in other studies in our laboratory (van der Ven and Ober 1994; Grimsley and Ober 1997) . The final five codons of this exon were not sequenced for all of the individuals, and these nucleotides were excluded from the following analyses. Exon 2 was also sequenced for pongid apes, including four chimpanzees (Pan troglodytes; GenBank accession numbers AF022168-AF022170), one bonobo (Pan paniscus; GenBank accession number AF022171), one gorilla (Gorilla gorilla; GenBank accession number AF022172), and two orangutans (Pongo pygmaeus; GenBank accession numbers AF022173-AF022174). Primate samples used for this study were provided by Dr. Peter Parham, Stanford University. In addition, a published allele for the homolog in the gorilla, GogoOko (Lawlor et al. 1991) , was used to obtain data on sequence divergence.
Five previously published alleles (Zemmour et al. 1990) were also used for these analyses. The five published alleles were sequenced from cell lines such as LCL721 (HLA-A1, 2; B8, 5), LBF (HLA-A30; B13), and BB (HLA-Aw68.2, 30; Bw42, Bw65) (Zemmour et al. 1990 ). Our studies focused on exons 2, 3, and 4 of these alleles, because, based on homology to the class I genes, they would code for the extracellular portion of the protein.
Laboratory Methods
Gene-specific intronic primers were designed for exon 2 of HLA-H (H25: 5Ј-GACCCAGGGA-GCCGCGCA-3Ј, H23: 5Ј-CGGCCCTCCGTGGGGGAT-3Ј). Amplification reactions contained 2 pmol of each 3Ј and 5Ј oligonucleotide primer, 10 mM Tris hydrochloride (pH 8.3); 50 mM potassium chloride; 1.5 mM magnesium chloride; 0.4 mM each of dATP, dCTP, dTTP, and dGTP; and 0.5 U Taq polymerase in a total reaction volume of 10 l. The average amount of DNA used was 0.5 g per PCR reaction. PCR conditions were 5 min at 94ЊC, 30 cycles of a three-step cycling program (1 min at 94ЊC, 1 min 15 s at 70ЊC, and 2 min 15 s at 72ЊC), and 10 min at 72ЊC. The amplification of exon 2 of HLA-H in the apes required longer annealing (1 min 30 s for chimpanzees and the bonobo and 2 min for gorillas and orangutans) and synthesis (2 min 30 s for chimpanzees and bonobo and 3 min for gorillas and orangutans) steps as well as lower annealing temperatures (68ЊC for chimpanzees and bonobo and 65ЊC for gorillas and orangutans).
Initially, sequencing was done manually using 32 Plabeled primers. Five microliters of PCR product was sequenced using the Amplicycle sequencing kit (Perkin Elmer, Branchburg, N.J.) following the manufacturer's recommendations, except that the PCR programs described above were used. Those sequences done manually were confirmed by sequencing the reverse strand using automated methods. For automated sequencing, amplification reactions were modified for 100-l reactions. Amplifications for sequencing contained 20 pmol of each primer, one of which was biotinylated for solidphase sequencing (Pharmacia Biotech, Piscataway, N.J.), 100 mM Tris hydrochloride (pH 8.3); 500 mM potassium chloride; 15 mM magnesium chloride, 4 mM each of dATP, dCTP, dTTP, and dGTP, and 3.75 U Taq polymerase. The amount of DNA used was 0.5-1.0 g per PCR reaction. Sequencing was done using a solidphase sequencing kit, Autoload (Pharmacia). Modifications made to the manufacturer's recommendations included increasing the concentration of the binding/washing solution (4 M NaCl, 20 mM Tris-HCl, 2 mM EDTA) and increasing the first binding step to 1 h. The annealing temperature was 71ЊC, and the extension temperature was 43ЊC. Both the forward and reverse strands were sequenced for each individual.
Tests for Selection-Intraspecific Variation First, the value of was estimated for HLA-H for the African-American sample using the formula ϭ p/ A (Nei 1987) , where p ϭ S/m T , in which S is the number of segregating sites and m T is the total number of nucleotide sites compared, and A ϭ 1 ϩ 1/2 ϩ . . . ϩ (n Ϫ 1) Ϫ1 , in which n is the number of sequences examined. This value of for HLA-H was then compared with estimates of for other silent sites within the human genome ( ϭ 0.001, which is based on estimates for synonymous sites in 49 human loci) (Li and Sadler 1991) . Because ϭ 0.001 was estimated from allelic variation in Caucasian Americans, an estimate of by restriction length polymorphisms in African-Americans ( ϭ 0.0032) was also used (Chakravarti et al. 1984) . A computer program (Kreitman and Hudson 1991) was used to test whether HLA-H has an amount of diversity equivalent to those of other silent sites in the human genome. This program, using Kreitman and Hudson's (1991) equation (3), determines the probability of observing S segregating sites in a sample size of n, given an estimate of and assuming no recombination within the locus. This is a conservative test, because p values would be smaller if recombination were taken into account. This comparison did not include the published alleles, because this is a constructed sample with a small sample size that would artificially inflate the value for .
We further examined the extent of variation within HLA-H by calculating its nucleotide diversity (). This value is the average number of nucleotide differences per site between two sequences and is defined by ϭ k/m T , in which k is the average number of pairwise differences (Nei 1987) . The average number of pairwise differences was calculated using Tajima's (1989) equation (11).
As a pseudogene, HLA-H is not likely to be translated, and therefore all of its substitutions would be considered synonymous. However, to test the assumption that HLA-H is evolving neutrally, we compared the number of potential nonsynonymous and synonymous substitutions by calculating the neutral parameter , an estimator of nucleotide variability, for the potential nonsynonymous ( n ) versus synonymous ( s ) sites. These estimates of were calculated as described above, where m T is the total possible number of nonsynonymous or synonymous sites, calculated based on the number of fourfold-, twofold-, and nondegenerate sites for each allele and then averaged over all alleles. We tested whether the nonsynonymous sites are evolving in the same manner as the silent sites by determining whether the amount of potential nonsynonymous variation is equal to the expected amount given estimates of for silent sites in the same region of HLA-H, using a goodnessof-fit statistic given by equation (4) of Kreitman and Hudson (1991) .
Tajima's D statistic was used to evaluate whether selection was acting on exon 2 in the African-American sample. This test compares the two estimates of genetic variation at the DNA level, the number of segregating sites (S), and the average number of pairwise differences (k). The average number of pairwise differences was calculated using the frequency of segregating sites (Tajima 1989, eq. 11), which did not have much effect on the results of Tajima's D statistic. Looking only at the H alleles for which the phase of the polymorphisms could be inferred (28/34 sequences, including 14/15 segregating sites), we calculated k using equation (11) of Tajima (1989) as well as by looking at the average pairwise differences (Tajima 1989 , eq. 10) using the computer program DnaSP (Rozas and Rozas 1997) . The values obtained from these two methods were similar (4.1 vs. 5.2, respectively), and both resulted in nonsignificant values for Tajima's D (0.48 vs. 1.5; P Ͼ 0.1). Because this analysis included almost all of the sequences and segregating sites, it is highly likely that our method for calculating k has no greater effect on Tajima's D in the larger analysis. Tajima's D was calculated using equation (38) of Tajima (1989) . Significance was calculated using the table of the confidence limits of D obtained by assuming the beta distribution provided by Tajima (1989) and confirmed using the tables of Simonsen, Churchill, and Aquadro (1995) .
The McDonald-Kreitman test (McDonald and Kreitman 1991) and the HKA test (Hudson, Kreitman, and Aguade 1987) use both intraspecific variation and interspecies divergence data to test for selection. For the McDonald-Kreitman test, the ratios of replacement to silent polymorphisms within humans for exon 2 of HLA-H for both the published alleles and the AfricanAmerican sequences were compared with the same ratio for fixed differences between the human sequences and the alleles for the following species: chimpanzee and bonobo, gorilla (Gogo-Oko), and orangutan. Exons 3 and 4 of the published human alleles were compared with the published gorilla allele. Fisher's exact test was performed using the Exact Inference for Unordered RXC Contingency Tables program, written by the Dana Farber Cancer Institution and the Harvard School of Public Health, to evaluate whether the ratios of replacement to silent substitutions within and between species matched.
For the HKA test, the potential silent site variation within exon 2 of HLA-H in the African-American sample (n ϭ 34) was compared with the silent variation for HLA-E within a larger sample (n ϭ 134), a subset of which was the sample used to study HLA-H. HLA-E is a class Ib HLA locus that has a low level of polymorphism and is located approximately 650 kb centromeric to HLA-A (Carroll et al. 1987) . Divergence was calculated by comparing the HLA-H sequence for individual 002 with the orangutan sequence, Hati ( fig. 1 ). For this comparison, a modified HKA test was done using equations (1)-(4) and (6) of Hudson, Kreitman, and Aguade (1987) , where a, the number of potential silent sites studied in HLA-H, equals 56, and b, the number of silent sites studied in HLA-E, equals 187.
Tests for Selection-Interspecific Divergence
The rates of substitution for each position within codons of HLA-H between humans and the gorilla were compared to confirm that this gene encodes a nonfunctional protein. This was done by comparing the exon 4 sequence of a human HLA-H allele, 5.4-LCL.1 (Zemmour et al. 1990) , to that of the published sequence for the gorilla, G. gorilla (Lawlor et al. 1991) . The 1-bp deletion present in exon 4 of this human sequence was ignored in these analyses. Deviations from the neutral expectation of equal substitution rates were tested using a chi-square analysis.
Another way to test for selection, which is not independent of the above test, is to compare nucleotide sequences between species to determine the proportions of nonsynonymous (p n ) and synonymous (p s ) substitutions that have accumulated since the two species diverged from a common ancestor. These proportions were calculated by the equation p ϭ n d /m T , where n d is the number of nonsynonymous or synonymous nucleotide differences, respectively. Corrections for the occurrence of multiple substitutions were made using Jukes and Cantor's formula, d ϭ Ϫ3/4 log e (1 Ϫ 4p/3) (Jukes and Cantor 1969) . The sample variance of d was calculated using the formula:
where p can be substituted with p n or p s (Kimura and Ohta 1972) . For this test, the human HLA-H allele 5.4-LCL.2 (Zemmour et al. 1990 ) was compared with the published gorilla allele Gogo-Oko (Lawlor et al. 1991) , and the orangutan allele Hati ( fig. 1) .
Results
The sequences of exon 2 of HLA-H in the AfricanAmerican sample are shown in figure 1. Exon 2 has 15 segregating sites, and if HLA-H were a functional locus, 9 of these segregating sites would be nonsynonymous (S n ) and 6 would be synonymous (S s ). Considering only codons in the potential ARS, S n ϭ 2 and S s ϭ 2, and considering only the non-ARS codons, S n ϭ 7 and S s ϭ 4. There are a total of 36 segregating sites in exons 2, 3, and 4 of the published HLA-H alleles. S ϭ 14 (S n ϭ 9 and S s ϭ 5) in exon 2, S ϭ 18 (S n ϭ 13 and S s ϭ 5) in exon 3, and S ϭ 4 (S n ϭ 3 and S s ϭ 1) in exon 4. For the 57 codons defined as the potential ARS for class I HLA proteins in exons 2 and 3 (Bjorkman et al. 1987) , S ϭ 9 (S n ϭ 7 and S s ϭ 2), and in the non-ARS codons of exons 2 and 3, S ϭ 18 (S n ϭ 15 and S s ϭ 3). The estimates of per nonsynonymous site ( n ) and per synonymous site ( s ) for both the published HLA-H alleles and the African-American alleles are shown in table 1. Although s tends to be greater than n for most comparisons, none of these differences are significant (P Ͼ 0.1).
The value of s for HLA-H in African-Americans was estimated to be 0.0262, which is more than 10 times as great as other estimates of for synonymous sites ( ϭ 0.001) in other regions of the human genome (Li and Sadler 1991) . The probability of detecting six or more polymorphic sites given ϭ 0.001 is 10 Ϫ6 . Even if ϭ 0.0032, a value calculated for African-Americans (Chakravarti et al. 1984) , HLA-H still has significantly more variation than expected (P ϭ 0.003). This pattern of increased variation persisted when the potential nonsynonymous sites were also considered. The overall val-FIG. 1.-The African-American, chimpanzee (Ross, Miss Eve, Eve, Jena), bonobo (Kidogo), gorilla (Shamba), and orangutan (Teng-Ku, Hati) sequences for exon 2 of HLA-H. Four individuals (n ϭ 8) shared the African-American 002 sequence, which is the same as allele 5.4-LCL.1 (Zemmour et al. 1990 ), two (n ϭ 4) shared the 132 sequence, and three (n ϭ 6) had the 062 sequence, which is the same as allele 5.4-LCL.2 (Zemmour et al. 1990 ). Miss Eve and Kidogo had the same sequence as Ross. The final 16 nucleotides are not shown for 026 and 034 because they were not sequenced for these individuals. The HLA-A sequence is a consolidation of the 59 HLA-A alleles reported in 1995 (Arnett and Parham 1995) . Dashes represent the same nucleotide as in the consensus sequence (Chorney et al. 1990 ). Small letters represent unconfirmed polymorphisms that were not used in the analyses. The following code is used for heterozygous nucleotide sites: NOTE.-The human data represent polymorphisms, while the ape data represent fixed differences between the human sequences and the ape sequences.
a P was calculated using Fisher's exact test. b Multiple substitutions occurred within several codons, and the numbers of nonsynonymous and synonymous changes were estimated using an unweighted method. The actual number of replacement substitutions for exon 2 is 16 1 ⁄6 and 8 5 ⁄6 silent substitutions. These numbers were rounded in order to use the program for calculating the P value. ue of for HLA-H for African-Americans was estimated to be 0.0144. The probability of detecting 15 or more polymorphic sites given ϭ 0.001 is less than 10 Ϫ6 , and given ϭ 0.0032, P ϭ 0.0002. Therefore, HLA-H has significantly greater nucleotide diversity than is reported for other silent sites within the human genome.
A second estimator of 4N, nucleotide diversity, was also determined for HLA-H. The average number of pairwise differences (k) was calculated to be 4.99. For k ϭ 4.99 and m T ϭ 255, ϭ 0.0196. This is smaller than the value calculated for HLA-A (0.043) but larger than values of for other human nuclear genes (0.0002-0.002) (Koeberl et al. 1989; Nei and Hughes 1991 ).
Tajima's D statistic was then used to test for selection acting on HLA-H in the African-American sample. For S ϭ 15 and k ϭ 4.99, D ϭ 1.18. Although a positive Tajima's D is expected when a locus is influenced by balancing selection, this value is not significantly different from the neutral expectation (P Ͼ 0.1).
The McDonald-Kreitman test did not reveal any significant deviation from the neutral expectation of equal ratios of replacement to silent substitutions both within and between species for exon 2 in the AfricanAmerican sample or for exons 2, 3, and 4 of the published alleles (table 2) .
For the HKA test, the ratio of silent polymorphisms to between-species divergence for HLA-H was greater than the same ratio for HLA-E (1.2 vs. 0.1; table 3), although this difference only bordered on significance ( 2 ϭ 3.72, df ϭ 1, P ϭ 0.054).
In the comparison with the gorilla sequence (GogoOko), the published human alleles had four third-position differences, one first-position difference, and three second-position differences within the exon 4 codons. This pattern of substitution is not significantly different from the expectation of equal substitution rates for a nonfunctional gene ( 2 ϭ 1.75, df ϭ 2, P Ͼ 0.05). The potential ARS of HLA-H has more nonsynonymous than synonymous differences from the gorilla allele, while the opposite is true for the non-ARS and for exon 4 sequences (table 4). However, these differences are not statistically significant. Compared with the orangutan sequence (table 4), there are no significant disparities between d n and d s , although there is a similar pattern of more nonsynonymous than synonymous differences occurring in the ARS.
Discussion
HLA-H is located between HLA-A and HLA-G, which are separated by less than 300 kb (Shukla et al. 1991) , in the class I region of the MHC. Although it has an eight-exon structure similar to that of the class I genes, it is considered to be a pseudogene, because it has a single-base-pair deletion in exon 4 that results in a premature stop codon at the end of this exon (Chorney et al. 1990 ). In addition, ostensibly normal individuals with HLA haplotypes that include HLA-A allele HLA-A24 or HLA-A23 have a deletion between HLA-A and HLA-G that includes the HLA-H locus (Venditti and Chorney 1992) . Together, these observations are strong evidence that HLA-H is currently a nonfunctional pseudogene.
In this study, we found significantly increased variation in the HLA-H pseudogene in a sample of AfricanAmericans, compared with variation observed at other silent sites in the human genome (Li and Sadler 1991) . This increased variation could be the result of one of several factors, including (1) a high mutation rate, (2) increased diversity in this sample in general, (3) interlocus gene conversion, (4) current or past diversifying selection acting on HLA-H, or (5) selection acting on neighboring loci. If HLA-H has a high mutation rate, it would be expected that it would have both high variation within species and high divergence between species. To test for this condition, the HKA test was used to compare the ratio of silent-site polymorphisms to silent-site divergence between humans and orangutans for HLA-H to the same ratio for HLA-E. If HLA-H has a high mutation rate and both of these loci are evolving neutrally, the ratios for HLA-H and HLA-E are expected to be similar. If HLA-H has increased variation within humans, then it is expected to have a ratio greater than that for HLA-E. In fact, HLA-H does have a larger ratio, although this difference only borders on significance. Because such a deviation could also be due to HLA-E having reduced variation in humans due to selection, we also directly compared the silent-site divergence of HLA-H between humans and orangutans to the silent divergence of exon 2 of HLA-E between the same species. We found that although d s for HLA-H (0.0966 Ϯ 0.0440) is greater than d s for HLA-E (0.0492 Ϯ 0.0286; Grimsley 1997), these values overlap and are not significantly different. Together, these data suggest that HLA-H does not have an unusually high mutation rate.
The increased variation in HLA-H is also not due to a general increase in diversity in this sample. The nucleotide diversities calculated for HLA-E and HLA-F for the same sample of African-Americans are much less than that for HLA-H. Therefore, increased diversity in African-Americans in general does not appear to be the cause of the level of variation seen for HLA-H.
Gene conversion among loci is considered to be an important method of creating new HLA alleles (Parham and Ohta 1996) . Because HLA-A and HLA-H are closely related, as well as in close proximity, it is possible that HLA-A would enhance its diversity through gene conversions with HLA-H. However, comparisons of the segregating sites of these two loci in humans reveal that they do not share the same alternative nucleotide variants ( fig. 1 ). This suggests that the polymorphisms in HLA-H are not the result of interlocus gene conversion with HLA-A.
HLA-H is thought to have been inactivated relatively recently (Chorney et al. 1990 ). Thus, high levels of variation could be the result of past selection acting on this gene. Although it is unlikely that HLA-H codes for a functional protein that is currently under the influence of diversifying selection, low levels of translatable truncated HLA-H mRNA have been demonstrated in one study (Chorney et al. 1990 ). Therefore, to determine whether the increased variation in HLA-H is due to selection currently or recently acting on this locus, we used statistical tests for selection to explore whether HLA-H is evolving in a neutral manner.
Our results are consistent with the hypothesis that HLA-H is nonfunctional and evolving as a neutral gene in humans, although we cannot exclude the possibility that it may have been functional in the past. While interspecific comparisons revealed no significant differences between estimates of d n and d s , d n Ͼ d s in the ARS, while the opposite is true for the non-ARS codons for both the comparison with the orangutan allele and the comparison with the gorilla allele. Such a pattern of divergence is similar to that seen for other HLA loci (Hughes and Nei 1989) and may indicate that HLA-H was once a functional locus. This difference between the values of d n and d s is less pronounced between the human and gorilla sequences than between the human and orangutan sequences, although the overall levels of divergence in these comparisons are quite similar. One possible interpretation is that the HLA-H locus may have become nonfunctional during the evolution of the pongid apes, perhaps after the separation of the orangutan lineage. However, not enough is currently known about the homolog of HLA-H in these species to satisfactorily test this hypothesis. In general, although some of the divergence data are indicative of past selection acting on HLA-H, these findings are not significant.
For humans, the pattern of HLA-H nucleotide diversity is consistent with the neutral model. None of the tests used detected any evidence of selection acting directly on this gene. Interestingly, though, the estimates of for synonymous substitutions were consistently larger than the estimates for nonsynonymous substitutions, including codons within the ARS, although these differences were not statistically significant. This suggests that if HLA-H was recently functional in humans, it did not function as a class Ia HLA molecule, because the class Ia loci have more nonsynonymous than synonymous substitutions in the ARS (Hughes and Nei 1989; Hughes, Ohta, and Nei 1990; Nei and Hughes 1991) . These differences in patterns of nucleotide diversity also suggest that the increased variation in HLA-H cannot be the result of recent or current balancing selection similar to that acting on the class Ia loci.
The high level of variation in HLA-H may not be due to selection acting on the HLA-H locus per se, but may be due to diversifying selection acting on neighboring loci, such as HLA-A. HLA-H lies between HLA-A and HLA-G, and alleles at these two latter loci are in very strong linkage disequilibrium (Alizadeh et al. 1993; Ober et al. 1996; Yamashita et al. 1996) . Although studies of linkage disequilibrium between HLA-H and HLA-A alleles have not yet been conducted, it is very likely that the alleles of these loci are in linkage disequilibrium. Linkage disequilibrium extends across the HLA class I region, and linkage disequilibrium with HLA-A extends well past HLA-H, which is less than 200 kb from HLA-A (Shukla et al. 1991) , to beyond HLA-F, which is about 400 kb from HLA-A (Alizadeh et al. 1993) . Therefore, it is likely that HLA-H alleles are in linkage disequilibrium with HLA-A alleles and that the increased variation in HLA-H could result from balancing selection acting on HLA-A.
In the presence of balancing selection, an increase in neutral variation at linked sites is expected due to the accumulation of nucleotide differences between allelic classes (Strobeck 1983; Kreitman and Hudson 1991) . The degree of excess variation is dependent on the effective population size, the mutation rate, and the recombination rate (Hudson and Kaplan 1988) . Prior to this study, examples of increased neutral variability associated with balancing selection at closely linked sites included the increased silent variation at the Adh locus in Drosophila (Kreitman 1983; Hudson, Kreitman, and Aguade 1987) , in the S alleles of plants (Clark and Kao 1991; Richman, Uyenoyama, and Kohn 1996) , and at the MHC loci in humans and mice (Hughes and Nei 1989) . However, to our knowledge, this is the first report of increased nucleotide diversity at a pseudogene due to the effects of balancing selection at linked loci.
In summary, these data suggest that HLA-H is a pseudogene and is evolving neutrally. These conclusions are based on data from both published human and ape sequences and sequences from African-Americans. However, HLA-H has significantly more diversity than do other silent regions in the human genome, suggesting that nucleotide variation in HLA-H may be influenced by selection acting on neighboring HLA loci. Therefore, diversifying selection acting on the class Ia genes may be influencing the level of variation at linked sites within the MHC, and this should be taken into account when studying variation in the nonclassical and non-HLA genes in this region.
